Results of long-term field experiments indicate that soils in diversified crop rotation systems accumulate more SOM and possess higher biological activity than soils under short rotations or monocultures of different crops such as soybean, corn or cotton (Reeves 1997 , Martyniuk et al. 2001 , Russell et al. 2005 , Aziz et al. 2011 , Van Eerd et al. 2014 . With respect to soil properties as influenced by long-term continuous cropping of spring or winter wheat in North America, it was reported that soils under well-fertilized wheat monocultures (without summer fallow) accumulated similar amounts of total organic carbon (TOC) as soils under wheat rotated with soybean, canola, pea or lentil (Campbell et al. 2000 , Wright et al. 2007 ) and had similar amounts of soil microbial biomass C (MBC) (Arshad et al. 2004 ). In Europe, Riffaldi et al. (2003) showed that soil on adjacent fields planted with winter wheat monoculture or with horticultural crops contained comparable amounts of TOC and MBC. On the other hand, Rychcik et al. (2006) found that soil continuously cropped with spring barley or winter wheat accumulated significantly more TOC than the same soil under rotation of six different crops. To our knowledge, no such information is available for soil properties as influenced by a long-term cultivation of different cereals on the same field. The objective of this study was to compare selected soil properties and winter wheat yields as influenced by a long-term growing of this crop in rotation with potato and fodder crops and with other cereals (oat, winter rye).
MATERIAL AND METHODS
This study was based on a long-term field experiment established in 1967, at the Grabów Experimental Station (51°21'N, 21°40'E and 167 m a.s.l.) belonging to the Institute of Soil Science and Plant Cultivation in Puławy, on a typical soil in Poland, classified as light loam (Cambisols) containing 26% of silt (0.05-0.002 mm) and 6% of clay (< 0.002 mm). Main characteristics of weather conditions at this site are presented in Table 1 . In the experiment, winter wheat is grown in two 4-year crop rotations (A and B) with 50% share of this crop. In the crop rotation A wheat follows potato and fodder crops (potato-winter wheat-fodder crops-winter wheat). Fodder crops consist of a winter rye intercrop harvested at spring as green hay followed by corn for silage. In the crop rotation B preceding crops for winter wheat are oat and winter rye (oat-winter wheat-rye-winter wheat). All phases of the crop rotations were present each year and all crops were grown on 4 replicated plots arranged in a split-plot design. Harvesting area in each plot was 85 m 2 . In both rotations cereal straw is removed but 30 t/ha of farm yard manure is applied every 4 years under potato or oat in crop rotation A and B, respectively. Conventional ploughing soil tillage and crop management system is used in this experiment. In the years 2010-2013 cv. Satyna of winter wheat was grown and each year it was fertilized with a fall-applied complex mineral fertilizer Polifoska to give 18 kg N/ha, 26.4 kg P/ha and 74.7 kg K/ha. Spring mineral N (NH 4 NO 3 ) fertilization of wheat at the rate of 120 kg N/ha was applied in 3 doses: 60 kg/ha -at the beginning of spring growth, 36 kg/ ha -at stem elongation (31-32 BBCH) and 24 kg/ha at heading (58-59 BBCH). In the years 2010, 2011 and 2013 when wheat plants were at the late milk stage (77 BBCH) 15 plants were dug out from each replicated plot to assess root systems infestation by the take-all fungus Gaeumannomyces graminis var. tritici (Ggt). Take-all severity was assessed and expressed as TAI (take-all index) according to Beale et al. (1998) . In 2012, frost killing of winter wheat occurred and this year was not included in the present study. In May of 2010, 2011 and 2013 at shooting of wheat (31-32 BBCH) soil samples were collected from the plough layer (0-25 cm) between plant rows to assess biological soil properties. For this purpose field moist soil samples were passed through a 2 mm sieve and stored in a refrigerator (4 o C). Within one week, soil samples were analysed for microbial biomass C and N (MBC and N) by the Table 1 . Long-term average (1976 Long-term average ( -2013 and monthly mean air temperature and total precipitation at Grabów experimental station
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Temperature ( Vol. 62, 2016, No. 12: 566-570 doi: 10.17221/582/2016-PSE chloroform-fumigation-extraction method and calculated according to the following formula:
C mic = E C /k EC Where: E C -soluble C in fumigated samples -soluble C in control (unfumigated) samples and k EC -0.45 (Joergensen and Mueller 1996a) , and: N mic -E N /k EN Where: E N -soluble N in fumigated samples -soluble N in control (unfumigated) samples and k EN -0.54 (Joergensen and Mueller 1996b). An Automated N/C Analyzer (Multi N/C 2100, Analytik Jena, Jena, Germany) was used to measure C and N contents in soil extracts. Dehydrogenase activity was assessed according to Casida et al. (1964) using TTC (2,3,5-triphenyltetrazolium chloride) as the substrate and that of acid phosphatase, using ρ-nitrophenyl phosphate (PNP) as the substrate according to Tabatabai and Bremner method (1969) . At full ripeness, wheat was harvested to measure grain yield and yield components (number of ears per square meter, grain bulk weight and one-thousand grain weight). The data were subjected to the analysis of variance (ANOVA) with significance of differences assessed at P < 0.05.
RESULTS AND DISCUSSION
The content of soil organic C, pH and all biological parameters such as microbial biomass C and N as well as enzymatic activities (dehydrogenase and phosphatase) assessed in this study for the soil on which winter wheat was grown for over 45 years in rotation with oats and rye (cereal rotation B) had values similar to those found for the soil on which winter wheat was rotated with potato and fodder crops ( Table 2) . Results of previous studies proved that soil quality can be deteriorated only in continuous wheat-fallow rotations, but when wheat or barley were grown in properly fertilized monocultures, soils under these conditions did not differ significantly with respect to their properties, e.g. TOC and MBC contents, from soils under more diversified crop rotations (Campbell et al. 2000 , Wright et al. 2006 , Smagacz and Kuś 2010 . The results of our studies indicate that also soil under long-term rotation of winter wheat with other small grain cereals (rotation B) can maintain high microbial activity and accumulate similar amounts of TOC as the soil under the rotation with potato and fodder crops (rotation A), with the exception of P, K and Mg contents, which were lower in the latter rotation (Table 2) . Lower amounts of these macronutrients in the soil of the crop rotation A was probably related to higher removal of these elements with fodder crops biomass (winter rye intercrop harvested as green hay followed by corn for silage). It is worth of noticing that although the amounts of TOC in soils of the compared rotations did not differ significantly, the soil in crop rotation B (cereal rotation) tends to contain about 6% more TOC than the soil in crop rotation A. A similar trend was also reported by Smagacz and Kuś (2010) who analysed these soils ten years earlier. With respect to TOC accumulation in the cereal rotation B, results of this study are in accordance with those reported by Rychcik et al. (2006) showing that soil under 36-year old monocultures of winter wheat, winter rye or spring barley accumulated even Vol. 62, 2016, No. 12: 566-570 Plant Soil Environ.
doi: 10.17221/582/2016-PSE significantly more TOC than the same soil under crop rotation consisting of six crops, including potato and corn. Growing seasons, preceding crops of winter wheat in the compared rotations and interactions between these factors had significant effects on infestation of winter wheat by the take-all fungus, numbers of ears/m 2 , winter wheat grain yields and yield components (Tables 3-5, Figure 1) . In all growing seasons only winter wheat grown after winter rye (rotation B) as a forecrop had significantly higher take-all index than wheat after any other preceding crop studied (Table 3) . Wheat infestation by the take-all fungus was the most intensive in the 2012/2013 growing season, but only in the case of wheat following rye (rotation B) this effect was significant and was probably related to cold spring, particularly in March of 2013, facilitating infection of wheat roots by Ggt, especially when this crop was grown after a take-all susceptible crop, such as rye (Beale et al. 1998 , Sieling et al. 2005 . Winter wheat grown after rye in crop rotation B produced the lowest number of ears/m 2 (Table 4) , which was the most likely a result of the highest take-all infestation found in the case of this forecrop of winter wheat (Table 3) , and collectively these factors were presumably responsible for the lowest grain yields obtained for winter wheat grown after winter rye (Table 5) . Averaged for all years, the grain yield of wheat following rye was about 24% lower than that of wheat Potato Foder crops grown after potato, which was the best preceding crop for winter wheat in this study and elsewhere (Kirkegaard et al. 2007, Smagacz and Kuś 2010) . After fodder crops and oat as the preceding crops winter wheat yielded 15% and 14% more than after winter rye, respectively, but about 10% lower than after potato (Table 5) . Oat, corn and other crops not transmitting root diseases such as the take-all fungus were reported as beneficial preceding crops for winter wheat (Sieling et al. 2005 , Kirkegaard et al. 2007 , Anderson 2008 . Figure 1 shows that the deterioration of grain quality as indicated by the lowest values of yield components (thousand grain weight and bulk grain weight) was an another factor contributing to the lowest grain yield obtained for winter wheat grown after winter rye as compared to those found for other preceding crops. In conclusion, this study has shown that soil under a long-term cultivation of winter wheat in rotation with other small grain cereals (rye, oat) can maintain high microbial activity and accumulate similar amounts of TOC as the soil under this crop grown in rotation with potato and fodder crops. However, grain yields of winter wheat following cereals, particularly rye, were generally lower than those obtained for winter wheat grown after non-cereal crops.
